The irritability 1,~ of Nitella depends on a substance (or a group of substances) which can be dissolved out of the protoplasmic surface by distilled water. From the water in contact with the ceils substances can be extracted by organic solvents and these substances when redissolved and applied to the cell restore the irritability. The experiments indicate that these substances are organic in nature, s
The irritability 1,~ of Nitella depends on a substance (or a group of substances) which can be dissolved out of the protoplasmic surface by distilled water. From the water in contact with the ceils substances can be extracted by organic solvents and these substances when redissolved and applied to the cell restore the irritability. The experiments indicate that these substances are organic in nature, s
If this applies to irritability in general such substances must occur in animals. It is therefore of considerable interest to find that irritability and the potassium effect t can be quickly restored by blood.
Cells which had lost their irritability were placed in blood plasma. After 15 seconds many were found to be irritable when tested in the usual manner by applying an electrical stimulus (300 Inv. D.c.). In some cases a longer treatment 4 (up to 2 minutes) was required.
In general the forms of the action current were like those found in control ceils although in many cases they belonged to types which, though occurring in normal cells, are not those most commonly encountered in such ceils.
Since it has been found ~ that calcium can restore irritability it was necessary to exclude its action. It was accordingly removed at the start by adding sodium oxalate (1 gm. to each liter of freshly drawn blood) after which the blood plasma was diluted with 4 parts of distilled water. As the inorganic substances remaining in the blood 10sterhout, W. J. V., Y. Gen. Physiol., 1934-35, 18, 987. t By this is meant the ability to give action currents as the result of electrical stimulation.
80sterhout, W. J. V., and Hill, S. E., Proc. Soc. Exp. Biol. and Med., 1934--35, 39 ., 715; also S. E. Hill, unpublished results.
4 A much longer exposure resulted in some cases in a falling off of irritability. 423
The Journal of General Physiology after the removal of calcium have been found to be ineffective in restoring irritability and the potassium effect we may conclude that the active agents are organic substances. ~
The experiments were performed on Nitetlaflexilis Ag. at temperatures of from 20-22°C. The technique employed was that described in a previous paper; 1 the action current and the responses to KC1 were recorded photographically. The cells were kept in distilled water until they no longer gave action currents when stimulated in the usual way with 100-400 my. D.C. This usually took 2 days. After treatment with blood they were tested for irritability by the same electrical stimulus.
The blood was drawn into vessels containing oxalate, placed in the centrifuge to remove blood corpuscles, and the plasma was diluted for use.
There was some irregularity in the results, e.g. in some cases the first response was incomplete (i.e. the loss of P.D. amounted to from 10 to 50 per cent, instead of being complete as in the typical action current0. In such cases a second or third stimulus sometimes produced a complete response. In a few cases three successive stimuli failed to elicit any response but it is possible that these cells were in poor condition.
Human blood and that of the sheep, calf, and cat 7 gave essentially the same results.
What is said of irritability applies in general to the potassium effect. Since the latter depends on the outer protoplasmic surface and the former more especially on the inner surface ~ we might expect the potassium effect to be restored more promptly than irritability by the action of substances added to the external solution. This seems to be true in general as has been stated 1 in describing experiments with NH3, but in the case of blood there are many exceptions. This is perhaps less surprising in view of the fact that the restorative substances in blood appear to penetrate with great rapidity, s The fact that these sub-5 This is confirmed by extraction experiments by S. E. Hill (unpublished results). 60sterhout, W. J. V., J. Gen. _Physiol., 1934-35, 18, 215. In some cases whole blood diluted with 6 parts of distilled water to produce hemolysis (without oxalate) was employed with essentially the same results.
s When it is stated that irritability was restored after cells had been 15 seconds in blood plasma it must be remembered that after they had been removed and placed in contact with 0.01 • NaC1 the restorative substances continued to diffuse inward (as weU as outward). But in such cases the restoration was complete in less than a minute after the cells first came in contact with the blood plasma.
stances are organic may help to explain their rapid penetration (it may be noted that chloroform is an example of an organic substance which penetrates with extreme rapidityg.
When an action current preceded the restoration of the potassium effect the latter was not regarded as due to the application of blood since the action current can itself cause the restoration of the potassium effect. 1°
When a brief treatment with blood had failed to restore irritability replacement of 0.01 • NaCI by O.Ol ~ KC1 gave the potassium effect in many cases thus showing that the restoration of the potassium effect by blood can be more rapid than the restoration of irritability.
The substances which are responsible for the potassium effect and for irritability appear to be of widespread occurrence. The fact that they are found in animals suggests that they may be important in connection with the irritability of muscle and nerve and it seems possible that they may be concerned in various disturbances of nervous function. In that case it would be interesting to know how early they appear in animal ontogeny and phylogeny.
SUMMARY
Cells of Nitella exposed to distilled water lose their ability to produce action currents and to distinguish electrically between sodium and potassium. This ability was quickly restored by exposure to blood plasma deprived of calcium. Human blood and that of the cat, calf, and sheep gave essentially the same results.
The active agents appear to be organic substances.
